Vyuka histologie pro studenty
fyzioterapie, optometrie a
ortoptiky

e FYZ| — prednasky, praktika (prezuvky)
e OPTO, ORTO - prednasky



Ukonceni predmeétu

o FYZI e OPTO, ORTO
- test v poslednim - zkouska
praktiku
-.zkouska
Ucebni text:

CECH, Svatopluk a Drahomir HORKY. Histologie a
mikroskopicka anatomie pro bakalaie. Prvni. Brno: Vydavatelstvi
MU, 2004. 137 s. ISBN 80-210-2513-7.

nebo


http://is.muni.cz/osoba/1153?fakulta=1411;obdobi=6144;kod=BKHI021p;lang=cs
http://is.muni.cz/osoba/753?fakulta=1411;obdobi=6144;kod=BKHI021p;lang=cs

web stranka ustavu histoloqie:

.med.muni.cz/histol/histolc.html
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HISTOLOGIE
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http://www.med.muni.cz/histol/histolc.html

HISTOLOGIE

e nauka o stavbe normalnich, tj. zdravych bunek,
tkani a organu na mikroskopické a
submikroskopicke urovni

o (+ cytologie)

s = mikroskopicka anatomie
(stavba organu jednotlivych systemu)

e vyznam histol. vysetreni v klinické praxi:
onkologie a chirurgie, hematologie, patologie a
soudni lekarstvi (histopatologie)




Ecrly migroscope



Histologie

Jednotky uzivané ve svételné (SM) a elektronové (EM)
mikroskopii

Jednotky SI Symbol a hodnota

mikrometr 1 um=0,001 mm (10 m)
nanometr 1 nm = 0,001 um (10-° m)




Bunka

Zakladni funkcni a morfologicka jednotka mnohobunécneho
organizmu, schopna samostatné existence in vitro za
vhodnych podminek

-(rust, metabolismus, pohyb, rozmnozovani, drazdivost)



Bunka ve svetelnem a elektronovem mlkroskopu
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Cast t&la multlpolarmho somatomotorlckeho neuronu z predmho rohu misniho: N - Jadro
n - jadérko, * - Nisslova téliska.

Vyftez: svételny mikroskop, barveni HE.



Unipolarni neurony z ganglion trigeminale: N - jadro.
Vyftez: svételny mikroskop, barveni toluidinovou modfi.
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Bunécna membrana

jadro neni organela




Jadro (nucleus)

e ridi a kontroluje Cinnost bunky, ktera je zakddo-
vana v chromosomech (geneticka imformace)

e Pocet jader v bunce
(obvykle: 1, hepatocyty: 2, osteoklasty: 50,
svalové vkakno kosterni: 20 - 40/1 mm deélky,

e Velikost jadra
5—-15 um
e Tvar jadra



ktronovém mikroskopu
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Stavba jadra
-

e Jaderny obal

e Jaderna matrix

e Chromatin | chromosomy
e Jaderny skelet

e Jadérko(a) — nekonstantni vyskyt



Jaderny obal

e VvnejSi jaderna
membrana (+
ribosomy)

e perinuklearni prostor
(40 — 70 nm sirka)

e vnitrni jaderna
membrana (+ jaderna
lamina)

e jaderné pory (60 —-70
nm <, s diafragmou)



Jadro a jadérko

zevni membrana
| jaderného obalu

euchromatin

nukleolonema _%
jadérka : .
jaderny por
fibrilarni centrum
jadérka
drsné
endoplazmaticke
retikulum

heterochromatin






Heterochromatin:
1. marginalni, 2. karyosomy, 3. perinukleolarni
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Chromatin

Dekondenzovaneé chromosomy v interfazi

e Heterochromatin — tmavé hrudky
(spiralizované a dehydratované useky
chromosomt)

- marginalni heterochromatin

- karyosomy

- s Jadérkem asociovany (perinukleolarni)
heterochromatin

e Euchromatin — svetly, nebarvi se

(aktivni Useky chromosomu s intenzivni
syntézou RNK)



Jadérko (nucleolus)
—

e Pocet:

e Velikost: 1 — 2 um
e [var:
® SloZeni: RNA, proteiny, DNA

8 jadérko neni ohraniCeno zadnou
membranou



e Struktura

e Funkce

fibrilarni centra (DNA) [
pars fibrosa (RNA)
pars granulosa (RNA) &

perinukleolarni
chromatin /asociovany
s jadérkem/

— syntézy a zrani rRNA




Funkce jadra a jadérka

e Ridi aktivity bufiky prostfednictvim produkce RNA
(= proteosyntéza) a komunikace s bunkou pory v
Jadernem obalu

e Misto geneticke informace (obsah DNA), kontrola
bunecného deleni a predavani geneticke informace
dcerinym bunkam

e Jadérko — produkce rRNA ribosomu
(bunky s intenzivni proteosyntézou)



Bunecné organely
S

e jsou konstantni soucasti cytoplazmy

e maji specifickou strukturu

e vyzaduji prisun energie k vykonavani
svych funkci



Zivotnost bunky
c

Enterocyty — cca 1-2 dny
Leukocyty — cca tyden
Erytrocyty — 3 mesice
Hepatocyty — 1-2 roky

Neurony — cely zivot (desitky let)
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Tvar buneéek @

nucleus MOT TO SAME SCALE
- cytoplasm
nucleus @
cytoplasm
energy store \ red blood cell

sperm cell
cytoplasm

P? hucleus

nucleus
nerve cell
] cytoplasm muscle cell
M, white blood cel

specialised Human Body Cells
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Squamous Epithetium Ciliated Epithelium Columnar Cells
from the Mouth from the Trachea from the Stomach

-7"‘ : q

TN O

Plain Muscle Fibres Muscle Fibres
from the intestine Striped Muscle Fibres from the Heart

Red Bilood White
Cells or Blood
Cartilage Cells Bone Cell Erythrocytes Cell

Dendrite

Axon Jé

Nerve Cell with Axon and Dendrites Sperm
Different kinds of cell found in the human body.
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Bunécné organely

Memebranoveé Bez membrany
e Mitochondrie e Ribosomy
e Endoplazmatické retikulum e Centrioly

e Golgiho aparat

e Lyzosomy a endosomy

e Peroxisomy



Mitochondrie
R

e Tvar: kulaty, ovalny (az vlaknity)

e Velikost: @ ~0,5 um, protahlé 1-10 um

e Pocet: ruzny dle metabolické aktivity
bunky a jejich naroku na dodani
energie
(napr. v jaterni bunce 1000 — 2000
mitochondrii)




Stavba mitochondrie
]

Schéma struktury mitochondrie

e \VnejSi membrana (hladka)

e Vnitfrni membrana (s kristami)
e Matrix (proteiny, DNA, RNA) — semiautonomie
e Mitochondrialni téliska (osmiofilni)

e Mitochondrialni ribosomy







Mitochondrialni kristy

hiebenovité kristy tubulozni kristy
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Funkce Mi
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electron transport
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MITOCHONDRION ATPase (site of ATP synt )

\V matrix + elementarnich ¢asticich:

enzymy Krebsova cyklu,
dychaciho retézce a oxidativni
fosforylace

Hlavni funkce Mi:
uvolnovani energie z ATP
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Ribosomy

e Telisko slozené ze 2 podjednotek

e Velikost ribosomu: ~20-25 n”y
M

volné poly(ribo)somy ribosomy na

ribosomy [ / endoplazmatickéem
\ retikulu

Proteosyntéza ,pro buniku® a ,na export® (napr. zlazove bb.)



Ribosom

velka podjednotka

fefezec \
\ bilkowviny

boa rRNA +
proteiny

MRNA mala podiednotka







Endoplazmatickeé retikulum
clenity, 3D systém membran
v cytoplazmeé bunky — 2 formy:

e Zrnité (granularni) ER — GER:

systém plochych, anastomozujicich cisteren +
(poly)ribosomy reverzibilné vazané £xsf#isige..,
na membranu e

e Hladke (agranularni) ER — AER:

systém tubult a vacku
s membranou bez ribosomu




Komunikace GER s perinuklearnim prostorem jaderného obalu

Endoplasmic Reticulum

Smooth -
Endoplasmic ——
Reticulum ;

Figure 1

Nuclear
Pore

Nuclear
Envelope

Rough
Endoplasmic
Reticulum

Cisternae

Ribosomes






Granular endoplasmic reticulum (R) organized into parallel cisternae forming
the tigroid (Nissl) substance. N - nucleus of the Purkinje cell. Scale = 1 ym.
(Rabbit, cerebellar cortex.)






Funkce GER

Receptor

G Eﬂm;mbmf

e GER - proteosyntéza (Ri) e
a transport proteinu do GA
(transportnimi vacky) .

o .v kooperaci s GA: ER lumen / _ E%,«

Ribosome

F clld ed protein

— intracelularni skladovani

(napfr. v lyzosomech a

specifickych granulich Grmmngprutcmr;ham Transport
leukocytu) rvesicle
. . ., forming
— doCasné intracelularni
skladovani uréené pro J

nasledny transport mimo Trngpott /7
bunku (sekrecni zrna) vesicle @



Funkce AER

® AER — v bunkach:

— syntetizujicich steroidy (bb. kiry nadledvin,
Leydigovy bunky varlete, bb. zluteho teliska)

— odbouravajicich glykogen (jaterni bunky)

— syntetizujicich HCI (kryci bunky zaludecCnich zlaz)

— svalovych (jako tzv. sarkoplazmatické retikulum,
které obsahuje Ca ionty)

— podili se na tvorbé membran




e Systém hladkych membran, ohraniCujicich:

1. cisterny (3-10)
(dictyosom)

2. vesikuly

3. vakuoly

Polarita GA: cis
trans

Zoddil

J.oddil




The Golgi Apparatus

Incom Lumen Cis Face
Transp




Funkcni polarita GA

Transport proteint z GER:
B {ransportnimi vack

v

Strana konvexni — cis face
(produkeni /forming face/)
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4 Strana konkavni — trans face
(maturacni /maturing face/)

\

LB kondenzacni vakuoly —
: .f.-r.; '::’-.’-‘-rrl';;l . / \4

sekreCni zrna lyzosomy







Endoplasmic reticulum




Extracellular space

rough U

Membrane L
\ Constitutive

endoplasmic :
SRS retrieval 7
reticulum

Golgi Regulated secretory

pathway



Funkce GA

e postsynteticka uprava a maturace proteinu
(glykosylace, sulfatace, fosforylace),

e kondenzace a skladovani sekreénich produktu
= kondenzacni vakuoly, sekrecni granula,

e vznik akrozomalniho vacku pri premene
spermatidy ve spermii,

e donor membran (pro nekteré organely).



e Endosomy: membranové vacky (4 20-150 nm)
vstup do bunky — pinocytozou,

osud v bunce — transcytoza
T fuze s Ly = sekundarni Ly



Lyzosomy

e Vacky —od 0,5 um 9, jednoducha membrana,
matrix s hydrolytickymi enzymy kyseleho pH
(kys. fosfataza, karboxylesterhydrolazy, katepsiny,
hyaluronidaza, nespecificka esteraza, lipaza,

ribonukleaza, kolagenaza aj.)
primarni
/ _ fagosomy
sekundarni —— autofagicke vakuoly

\ (multivesikularni téliska)

rezidualni téliska (napr. pigment lipofuscin)

Ly



Lyzosomy

prlmérnl' Ly (0,5 um)

multives. télisko







Fusion forms
secondary
lysosome



Peroxisomy
(mikroteliska)

Vacky — 0,1 - 0,5 um &, jednoducha membrana,
matrix s oxidativnimi enzymy (perOX|daza katalaza,
urikaza aj.)

o [nuklemd krystaloid]
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Funkce lyzosomu a peroxisomu

e Ly — intracelularni digesce endo- a exo-
genniho materialu

e Pe — detoxikace (rozklad H,0O,, stepeni
purinu a MK)

— ucast na syntéze zlucovych kyselin
— UcCast na syntéze fosfolipidu



Centriol

e Tvar: cylindr (valec)

e Velikost: @ 0,2 um, délka 0,3 -
0,5 um

e Stavba: 9 tripletu mikrotubull
po obvodu steny centriolu +
matrix

e \/yskytv bunce (v interfazi):

1 par centrioll [, T“] v oblasti

cytoplazmy (PCM) = centrosom
(blizko jadra)




Stavba centriolu

Mother centriole ™ §
i | L et ) ;

appendages Microtubule

Copynght © 2005 Mature Publishing Group
MNature Reviews | Molecular Cell Biology
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‘ﬁ Soluble

triplet mikrotubult

hMicrotubule

alpha tubulin

" g
.—heta tubulin
CcCO

C B A mikrotubulus
10/10/13 protfilament

microtubule
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Funkce centriolu

1 - duplikace centriolt v prubéhu déleni bunky
= vznik deliciho vreténka

2 - mnohocetna replikace centriolu v prubéhu
ciliogeneze = vznik bazalnich telisek rasinek

E\Q
AR D) A
/

bazalni téliska —
N =

"

rasinky




meambransa
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Cedl
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Basal body ———




Cytoskelet

e mikrotubuly (tubulin, @ 22 nm)
[centrioly, bazalni téliska, axonema Fasinek a biciku]

e mikrofilamenta (aktin, @ 5-7 nm)
[subplazmalemalni a intracytoplazmaticke site;
ve svalovych bunkach — aktin + myosin]

e intermediarni filamenta (4 8-10 nm) — proteiny:
cytokeratin [fonofilamenta v epitelovych bb.]
vimentin [bunky mezenchymoveého plvodu]
desmin [svalové bunky]
neurofilamenta [neurony]
gliofilamenta - gliovy fibrilarni kysely protein
[neuroglie]




plasma
membrane

microfilaments

mitochondrion

intermediate
filaments

endoplasmic
reticulum

microtubule

vesicle



http://scienceblogs.com/transcript/upload/2006/04/MTs.jpg

Cytoskelet
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Cytoskelet

i

25 um

LS b

mikrotubuly

25 nm 25 nm 25 nm

rmed. filamenta mikrotubuly mikrofilamenta



Mikrofilamenta

® 5-/ nm
e fvorena bilkovinou aktin

’ v . KL :‘ : EOW{E%EESKQQ‘.‘”? §  otniamen
/ve svalovych bunkach: myo- TR i e
v Am2/3 complex

fllamenta,
v ostatnich: mikrofilamenta/

e S membranou asociovana —
pohyb plazmatické membrany,
vybézku bunék, lokomoce
bunky

e 3D-sit' /proudeni cytoplazmy,
udrzeni pozic bunécnych /
organel/

:‘5@3 Ena/VASP profeins

Lamellipodium
High capping activity
Low Ena/\VASF tip activity Nascent filopodium?
i Low capping activity
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ntermediarni filamenta

8 —10 nm ,
cytokeratinova — epitelove __ o
buriky T
vimentinova — bunky

mezenchymoveého puvodu

hladké svalove,
endoteloveé..

desminova —svalove buriky ©.2 WEPY e
neurofilamenta — neurony 5'{., .
gliofilamenta — neuroglie Fa

e









http://www.iclipart.com/download.php?iid=25409&submit=&keys=Microscope&notkeys=&start=0&andor=AND&colour=&s1=&s2=&release1=&release2=&previewcheck=&cat=All&type=&rows=5&jump=0&period=&collection=&tl=clipart
http://www.iclipart.com/download.php?iid=25409&submit=&keys=Microscope&notkeys=&start=0&andor=AND&colour=&s1=&s2=&release1=&release2=&previewcheck=&cat=All&type=&rows=5&jump=0&period=&collection=&tl=clipart

Inkluze

prechodné soucasti bunky

e Sekrecni granula
e Zasobni latky —glykogen
~ lipidové kapky
e Krystaly (proteiny)
e Pigmenty
endogenni — autogenni (melanin)
\aj. ——hematogenni
lipofuscin
exogenni — prach, barviva (karoteny), tetovaz
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linearni, bohaté vétveny polymer
slozeny z molekul glukozy
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Lipidove kapky







TR e S, §

LS i A S
D Mg ls

A

L s L i -

¥ RN RGN

. o i : u_ .. . g % 2
. ) o, e ...“. 4 o R, :

ty

, pigmen




Bunécny povrch

SiLiaTeElr SELL

g o
_.-'I ._.- o

e \olny povrch '
— hladky nebo s vybezky
(mikroklky, rasinky, bicCiky)

e Povrch privraceny K jiné
burice (lateralni)
— mezibunécné spoje

e Bazalni povrch (privraceny
K nebunéecne strukture —
lamina basalis nebo bazalni
membrana — polovicni spoje
(hemidesmosomy)
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Mikroklky
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N fimbrin
N
N actin
N filament
| fascin
i\
myosin |
qk
NI (4T B
= N
spectrin b J; |;'
J 2
Q R Ain qxw‘_z} ) / v
i fo\ oo o o v 4
| P A | ==y
oy L /i )\ O A
web = — = :
- myosin ||
intermediate
filaments
b

erzin \

fimbrin

actin filament

stem

apical cell
protrusion

o-actinin

fimbrin

erzin

cytoplasmic
bridge

actin filaments

Mikroklky = vybézky cytoplazmy vyztuzené aktinovymi

mikrofilamenty — dle usporadani:
e kratké, nepravidelne

e zihana kutikula — pr. epitel. bb. streva

e kartaCcovy lem — pr. kanalky nefronu
e stereocilie — pr. ductus deferens
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(a) g

£18960 Addison Wesley Longman, nc.

(c)

“~Dynein

Plasma
membrane

Outer
microtubule
doublet

arms
Central
microtubule

Radial
spoke



" Rasinky, bigiky

Pohyblivé vybezky
cytoplazmy vyztuzené
mikrotubuly:

9 dubletu + 1 centralni par =
AXONEMA

Bazalni telisko = centriol
Zihana nozka
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Mezibunecna spojeni
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Lateralni povrchy, intercelularni stérbina (20 nm);
zonulae a maculae
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Zonula occludens ™ 9
00007 L

e Téesneé pasovité spojeni
blizko apexu bunky

e Plazmalema sousednich
bunék misty splyva
(spoleCné integralni
proteiny — klaudiny,
okludiny)

e Funkce: utesneni
intercelularni sterbiny

Defekt — porucha funkce hemoencefalické bariery (endotel — glie)
u plodu — neurol. poruchy



Zonula adherens

e Pasovity spoj kolem bunky
e Intercel. stérbina — 20 nm,
kadheriny

e Aktinova mikrofilamenta
(@ 6 nm)

e Funkce — adheze bunék

:éjié:

)

Defekt — Sifeni Tu bunék a zvysSeni malignity Tu

®



Dezmosom ©JOJO
(macula adherens) i

e Diskovity spoj (0 0,3-0,5 um)

e Intercel. stérbina — 40 nm;
el.denzni material, desmoglein(3)
tonofilamenta (cytokeratin, (4) @
8-10 nm), a desmoplakin (2) v
el.denzni ploténce

e Funkce - adheze

Defekt — porucha adheze koznich bunék,



kanalek

(konexon) 6 konexin(i

T |
Nexus (gap junction) © @ @
———

e Plosny ,kanalkovity® spoj
e Intercel. stérbina — 2 nm

e Funkce - komunikace

Defekt — periferni neuropatie, hluchota






Plasma membranas



Mezibunécna spojeni - speciality
c ]

e Fascia adherens — v myokardu, obsahuji rozsahle
dezmosomy a nexusy

e Spojovaci komplex — kombinace spoju zonula
occludens (tésnost, pas), zonula adherens a
dezmosomu (pevnost); od apexu k bazi v tomto
poradi, cylindricky epitel

e Bunécneé interdigitace — na laterarni straneé bunek,
zvetseni povrchu, bunky transportujici vodu
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Bazalni povrch
c_—

o pFivrécen K bunce (viz vyse — lateralni povrch, vrst. epitely)

e privacen k lamina basalis:
hemidezmosomy
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Rozmnozovani
Rust

Prijem latek
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Bunéecny cyklus

sled déju v burice mezi 2 mitézami za vzniku
2 dcerinnych bunék (v€. mitozy)

T Faze bunécéného cyklu

G, (postmitoticka), K1
S (synteticka - DNA),

G, (premitoticka), K2
M (mitdza) K3

= 5
R
Rt o
AT
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E e




o G, — faze: postmitoticky rust bunky; intenzivni
tvorba novych organel — syntéza strukturnich a
requlaénich proteinu, enzymu;

@l ¢ [chromosom = 1 chromatida]

(déelka faze zavisi na typu buriky az 11 hod.)

e S —faze: replikace DNA v jadfe = [chromosom =
2 chromatidy], replikace centriolu; (asi 8 hod.)

o G, —faze: postsyntetické zmnozeni organel ,
syntéza tubulinu, duplikace centrosomu; (3-4 hod.)

e M —faze: (mitéza) ( 1 hod.)

e G,— faze = zastaveny cyklus u specializovanych
bunék (neurony, svalove bunky)


http://cs.wikipedia.org/wiki/Organela
http://cs.wikipedia.org/w/index.php?title=Strukturn%C3%AD_protein&action=edit&redlink=1
http://cs.wikipedia.org/w/index.php?title=Regula%C4%8Dn%C3%AD_protein&action=edit&redlink=1

MITOZA (1), MEIOSA (2)
O

1. mechanismus, ktery zajistuje genetickou
identitu somatickych bunek

2. zajistuje rozdeleni diploidnich gametogonii
(prekurzory zarod. bunek) na haploidni
gamety a diverzitu jedincu



Mitoza
1) Profaze
2 centrosomy migruji k pélum bunky - délici vieténko;
@ kondenzace a spiralizace chromosomdl,
rozpad jaderného obalu a jadérek:

2) Metafaze
chromosomy — v ekvatorialni roviné (monaster),
délici vieténko — se pfipoji na kinetochory chromosomu;
3) Anafaze
oddeleni sesterskych chromatid,
zkracovanim déliciho vreténka - rozestup chromosomu
kK polum buniky (diaster);
4) Telofaze
dekondenzace a despiralizace chromosomu,
rekonstrukce jaderného obalu, zahajeni cytokineze.







MEIOZA

redukce a rekombinace genetickeho materialu

e ZajiStuje rozdéleni diploidnich gametogonii
(prekurzory zarod. bunék) na haploidni gamety.

Gametogonie (diploidni; 2n, 4c)
2 Meioza |
NO S—Haze

Gametocyty (haploidni; 1n, 2c¢)

2 Mei‘éza I
Gamety (haploidni; 1n, 1¢)

Pozn.: n = po¢et chromosomu (2n — diploidni, 1n — haploidni),
¢ = mnoZzstvi DNA
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zygoten — pachyten — diploten M = i 6za

diakineze

1. Meiotické déleni — dlouha profaze I:

Leptoten — kondenzace chromosomu

Zygoten — parovani homolognich chromosomu — bivalenty,
synaptolemalni komplexy (sk)

Pachyten — chromatidy = tetrady, crossing-over

Diploten — zanik (sk) a rozestup tetrad, chiasmata — mista,
kde doslo k rekombinacim (crossing-over)

Diakineze — zanik chiasmat, rozpad jaderneho obalu,
profaze konci, nasleduje metafaze |, anafaze I, telofaze |

2. Meiotickeé deleni — podoba se mitoze
(pro Il, met I, ana Il, telo |l



Transport latek v bunce

]
1
Endocytéza ifagocytéza

2\ 4 8 T N pinocytoza
S R UM AR s s s A R — 3
: \
nespecif. specif.
pinoctarnimi  ,coated
vacky vesicles”

Exocytéza — sekrece
kontinualni a regulovana




Srovnani mitozy a meiozy
S

e Mitoza e Meioza

vznik diploidni bunky - vznik haploidni bunky
dcerinné bb. jsou - crossing-over
identicke s materskou _ 1 p. (gametogonie)
1 materska b.

1 spermatogonie oogonie
2 dcefinné bb. l / \

4 spermie 1 oocyt +

(2X, 2Y) 2-3 polova teliska



Rust bufiky
c

- v G1 (hned po S fazi) a G2 fazi
- selfrenewal (sebeobnova

vyvoj krve vyvoj gamet



Rust buriky @ DO @
aaaasss——— - ® =

e Rustové faktory — aktivuji geny odpovédné za
zahajeni bunecného cyklu

e Zvetseni organu: hyperplazie (pocCet bunek 1)
hypertrofie (velikost bunek 1)
e Zmenseni organu: atrofie


https://www.google.cz/search?q=self+renewal&tbm=isch&source=iu&ictx=1&fir=uUGVw27zgjXBRM%253A%252C0TxBoi0i18ZreM%252C_&vet=1&usg=AI4_-kRDNxnqsH7OQC5feLxttdjFRgBJWA&sa=X&ved=2ahUKEwiTpMrP7v3nAhVOa8AKHUxyBjMQ9QEwCnoECAgQHQ

Apoptotic cell

| U.5. National Librany of Medicine



Bunéecha smrt
oo

e Nekroza
- ruptura bunécné membrany; uvolnéni Ly enzymu,
- zanet v okoli (+ leukocyty).

e Apoptdza — ,programovana smrt bunky”
- kondenzace chromatinu, fragmentace cytoplazmy,
mala apoptoticka teliska s membranou - likvidace
makrofagy aj. (fagocytoza),
- bez zanetlivé reakce.



Déekuji za pozornost



Cell cycle

G1 Phase: Cell growth - cells do most of thier growing
during the G1 phase. In this phase, cells increase in size
and synthesize new proteins and organelles. The G in G1
and G2 stands for "gap” but the G1 and G2 phases are
actually periods of intense growth and activity.

S Phase: DNA replication - The G1 phase is followed by
the S phase. The S stands for "synthesis" During the S
phase, new DNA is synthesized when the chromosomes
are replicated. The cell at the end of the S phase
contains twice as much DNA as it did in the beginning.

G2 Phase: Preparing for cell division - the shortest of the
three phases of interphase, organelles and molecules
required for cell division are produced.

M phase - Cell division. In eukaryotes, cell division
occurs in two stages: mitosis and cytokinesis.



G2-M Transition
Metaphase-Anaphase
Influenced by: Transition

e Cell size
* DNA damage
e DNA replication

Influenced by:

e Chromosome attachments
to spindle

S
(DNA synthesis)

Restriction Point (Start)

Influenced by:

* Growth factors
* Nutrients

e Cell size

* DNA damage

© 2012 Pearson Education, Inc.




Mitosis

Prophase - chromatin condenses into chromosomes.
The nuclear membrane breaks down.

Metaphase - The chromosomes line up across the
center of the cell. Each chromosome is connected to
spindle fibers at the centromere.

Anaphase - The sister chromatids separate into
iIndividual chromosomes and are moved apart.

Telophase - The chromosomes gather at opposite
ends of the cell and lose their distinct shapes. Two
new nuclear envelopes will form.

Cytokinesis - The cytoplasm pinches in half. Each
daughter cell has an identical set of duplicate
chromosomes.



Mitosis - What happens during the four phases of mitosis?

G; OF INTERPHASE PROPHASE PROMETAPHASE
Fragments Kinetochore

ot nuciear Nonkinetochore
[ microtubules

]

Centrosomes Chromatin
(with centriole pairs) (duplicated)

Early mitotic aActer
spindle

Nucleolus Muclear Plasma Chromosome, consisting Kinetochore

envelope membrane of two sister chromatids microtubule
METAPHASE AMAPHASE TELOPHASE AND CYTOKINESIS
Metaphase B Cleavage Nucleolus

__forming

furrﬂw

Centrosome at Daughter envelope
Spindle one spindle pole chromosomes forming



